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XIII. Some Suggestions relative to the best Method of employing the New Zenith Tele- 
scope lately erected at the Royal Observatory. By Jon^ Pond, Esq. A.R. F.R.S. 

Received March 11,— Read March 13, 1834. 

The erection of a zenith telescope of twenty-five feet focal length at the Greenwich 
Observatory was determined upon by the Visitors in the year 1815, for the purpose of 
measuring the zenith distance of y Draconis with greater accuracy than could be 
effected by any instrument then existing at the Observatory. 

This instrument was fixed in its place by Messrs. Troughton and Simms, in July 
1833 ; and although when first erected it was not complete in some of its minute 
parts, yet, by various improvements which have been made, it is now approaching to 
a perfect state. 

During the course of the last summer I made a great many observations with it, 
with the view of determining the most advantageous method of using it. To describe 
this method, and not the instrument itself, is the object of the present brief commu- 
nication. 

Among various experiments that occurred to me, I was led to a mode of observing 
which has not, that I am aware of, been suggested or put in practice by any other 
observer ; and which appears to me to possess advantages sufficient to j ustify my 
making it the subject of a separate communication. 

These relate, not only to the determination of the zenith distance of y Draconis^ 
(for which purpose the instrument was especially constructed,) but to the measure-- 
ment of the minute variations from which the equations of aberration, parallax, nu-- 
tation, and others employed in the reduction of the star, are to be elicited. 

I shall first treat the subject with reference to the zenith distance of y Draconis, 
presuming that the usual mode of using a zenith sector, altitude and azimuth instru- 
ment, or other instrument constructed on the same principle, is well known. 

If the star be observed on one night with the instrument facing the east, and on 
the next or any subsequent night with the instrument turned half round, and facing 
the west, the double zenith distance will be obtained, on the supposition that the in- 
strument has continued identical during the interval. 

If, however, either by accident or design, the instrument should have suffered any 
change between the two observations, it is evident that the result will not give the 
measure of the required distance. I am now to show how my mode of observation is 
adapted to overcome this difficulty. 
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It SO happens, that a small star of about the fifth magnitude^ having nearly the 
same zenith distance towards the south that y Draconis has towards the north, passes 
the meridian between 20 and 30 minutes in time after it. It is the different modes 
of employing, this star in combination with y Draconis^ as a means of determining the 
various smaller equations, which I now wish to explain. 

The angular distance between the two stars will be determined with this instru- 
ment in the usual manner^ by observing them on the same nighty and in the same 
position of the instrument; which distance in this case is the sum of the zenith 
distances of the two stars : but if^ on the next or some following nighty y Draconis be 
observed^ and after its passage the instrument be turned half rounds and the other 
star observed^ then the difference of the measure^ as read on the micrometer, will be 
the difference of the zenith distances of the two stars. Thus, the sum being ascer- 
tained on one nighty and the difference on another, these sums and differences will be 
independent of any change that may happen to the instrument from one night's ob- 
servation to another ; and the zenith distance of each star respectively may be de- 
duced from these data. Whatever may be the superiority of this method of observation 
in ascertaining the zenith distance of the principal star, it is inconsiderable compared 
with the powerful assistance it affords in determining, with almost unlimited pre-^ 
cision^ the value of the small equations which necessarily become the subject of in- 
vestigation. 

Let it be supposed that the two stars have precisely the same zenith distance^ the 
one to the north and the other to the souths then it is evident that if after the obser- 
vation of one the instrument be turned half round, the micrometer wire will be placed 
in the exact position for bisecting the second star in its passage ; but if the two stars 
have not exactly the same zenith distance^ the micrometer wire will require a corre- 
sponding alteration. The distance between the two positions of the wire I call the 
subsidiary angle. It is to the properties of this angle that I wish to direct attention. 

Whoever considers the nature of this angle, will perceive that it is measured by a 
very small motion of a micrometer screw^ and therefore may be obtained with great 
precisioii : moreover^ that any equation which may become the subject of considera- 
tion will be doubled in its effect on this subsidiary angle^ and quadrupled when 
each star is affected equally by the same equation** 

This property of the subsidiary angle may be illustrated by observing, that the 
new instrument stands about seventy feet north of the principal meridian instru- 
ments of ihe Observatory. This produces in the zenith distance of each star a corre- 
sponding variation of about three quarters of a second; but the subsidiary angle will 
be altered by double that quantity^ or a second and a half. It is probable that this 

* Suppose the subsidiary angle equal 1' 00" when the aberration is nothing, and that the maximum of this 
equation is equal to 20"-5, then the extremes of the subsidiary angle will be 0' 19" and 1' 41", the difference 
of which is 1' 22", or quadruple of 20"*5, the equation to be inyestigated. 
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property may at some future period be applied with advantage in investigations made 
with moveable zenith instruments. 

For the present purpose it is only essential to remark^ that for the investigation of 
these small equations it is by no means required to have determined either the exact 
zenith distance of either star^ or the exact difference of their zenith distances^ or the 
absolute magnitude of this subsidiary angle^ its variation from time to time being the 
only important object of research. 

It is the more necessary to keep this in mind^ as occasions may arise when it may 
be found advisable to omit altogether the investigation of the real zenith distance^ 
and to confine the attention to the variations only of this small angle. 

The improving performance of the zenith telescope leads me to hope that ere long 
I shall be able to illustrate the principle of the method of observation I have de- 
scribed^ by a series of observations made with it ; and should I not be disappointed in 
my expectations^ the instrument will^ I am of opinion^ be found to rank among the 
most important in the Observatory. 

The principles above explained apply with equal correctness to altitude and azimuth 
instruments^ and may be advantageously adopted in their use. 



Jj^X AMPLE. 



Date, 



1833. 

July 26. 

August 1 . 

3. 

4. 
11. 
13. 
14. 



Observed Subsi- 
diary Angle. 



1 
1 
1 
1 
1 
1 
1 



26-61 

30-99 
30-85 
31-26 
34-46 
34-94 
35-60 



Equations. 



// 



26-19 
29-13 
30-05 
30-50 
33-46 
34-24 
34-61 



Mean 

The angular distance between the two 1 
stars, or sum of their zenith distances J 

Sum 



Half the sum, or zenith distance of y 
Draconis 



fl « • « 



» • • o • a 



} 



Difference ...... 

Half the difference, or zenith distance 1 
of the small star j 



Reduced Subsi- 
diary Angle, 



0'-42 
0-86 
0-80 
0-75 
1-00 
0-70 
0-99 



0-79 
3 3-53 



4 4-32 
2 2-16 



2 2-74 

1 1-37 
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The angular distance between the two stars, or sum of their zenith distances, was 
obtained as follows : 



1833. August 23. . 

25. . 

26. . 
September 4. . 

5. . 

6. , 

7. , 

Mean. . . 


3 3-11 

3 3-39 


3 3-87 

3 3-41 

3 3-60 

3 3-68 

3 3-65 


3 3-53 








, 



This last angular distance remains nearly constant throughout the year, except 
in the case of a parallax supposed greater in the one star than in the other, the rest 
of the equations being nearly the same for each star. 



